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Mobile Devices and Multimedia Content

Consumption

More than half of YouTube views 
come from mobile devices.

YouTube Statistics

Creation
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Multimedia Content Creation: Location Problem
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Out-Of-Date Multimedia Content Problem

Hotel Expectation Hotel Reality
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Multimedia Content Problems 

Up-To-Date

Out-Of-Date

Nowhere Everywhere
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CAM2
Continuous Analysis of Many CAMeras



CAM2 has more than 70,000 geo-tagged cameras.
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http://cam2.ecn.purdue.edu
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Multimedia Content Problems 

Up-To-Date

Out-Of-Date

Nowhere Everywhere
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Contributions

• The Architecture of CAM2

• The Making of CAM2

• CAM2 Challenges
• Camera Discovery
• Resource Management

• Future Applications of CAM2
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The Architecture of CAM2
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1274 Cameras 3 Hours at 0.2 FPS 141 GB2.7 Million Images

15 Cloud InstancesAverage Resolution: 768 × 576 Motion Estimation
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Large-Scale
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Analysis
Program

CAM2-Compatible
Analysis Program

Modify IO operations.
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Large-Scale
Analysis [1]

API [2]

Resource
Management [3, 4]
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Microsoft Azure
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1026 Cameras 6 Hours 260 GB5.5 Million Images

Resource Allocation Resource Scaling Amazon EC2

13% Cost Reduction
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Navigation [5-7]
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Image-Based
Navigation [5-7]

Image-Based
Location Estimation [8]

CAM2

The Making of CAM2

[8] J. Choe, T. Pramoun, T. Amornraksa, Y.-H. Lu, and E. J. Delp. Image-Based Geographical Location Estimation
Using Web Cameras. In Southwest Symposium on Image Analysis and Interpretation, pages 73–76, 2014.

19

Large-Scale
Analysis [1]

API [2]

Resource
Management [3, 4]

Policy,
Education

Apps System



Image-Based
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Indoor vs Outdoor People vs No People 94% Accuracy
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Challenges of Camera Discovery

Obtaining Camera Metadata (e.g. Geolocation)

Missing Metadata Incorrect 
Metadata Geocoding Image-based 

Estimation

Finding Cameras
Few Good 

Repositories Hard to Automate Different Brands 
and Data Formats Different Policies
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Challenges of Resource Management

Cameras,
Locations,

Resolutions

Analysis Program
Frame Rate
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Which cloud instances to choose?

Amazon EC2

Microsoft Azure

EC2 
Instance

Cores Memory
(GB)

Hourly 
Price

m3.xlarge 4 15.0 $0.266

m3.2xlarge 8 30.0 $0.532

c4.xlarge 4 7.5 $0.220

c4.2xlarge 8 15.0 $0.441

r3.xlarge 4 30.5 $0.350

r3.2xlarge 8 61.0 $0.700



Cloud Pricing ($/hour, m3.2xlarge: 8 cores, 30GB)

0.532 0.585
0.632

0.784

0.616

0.761

0.77

784
532

= 1.47
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Resource Management

Allocate cloud instances.

Monitor the cloud 
instances.

Migrate some data 
streams.

Utilization? Migrate all data streams if 
cost is reduced.

Deallocate the cloud 
instance.

Overutilized

UnderutilizedOK

[4] A. S. Kaseb, A. Mohan, and Y.-H. Lu. Cloud resource management
for image and video analysis of big data from network cameras. In
International Conference on Cloud Computing and Big Data, 2015.

[3] W. Chen, Y.-H. Lu, and T. J. Hacker. Adaptive cloud resource
allocation for analysing many video streams. In IEEE International
Conference on Cloud Computing Technology and Science, 2015.
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Future Applications of CAM2

A Lot of 
Cameras

Real-Time 
Virtual Tours

Real-Time 
Image-Based 

Navigation

More…

More 
Cameras

Few 
Cameras

Wildlife 
Observation

Volcano 
Monitoring

Air Quality 
Monitoring

Event 
Watching

Traffic 
Monitoring

Resorts, 
Malls, 

Restaurants
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Conclusion

• The Architecture of CAM2

• The Making of CAM2

• System, Apps, and Policy and Education
• CAM2 Challenges

• Camera Discovery
• Resource Management

• Future Applications of CAM2

• Few Cameras, More Cameras, A Lot of Cameras
• Users and Collaborators

• Register at http://cam2.ecn.purdue.edu
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